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Motor learning in dystonia: distorted feedback results in
distorted motor learning and information-seeking
compensatory behaviour
Edit Nagy
Motor learning is possible in dystonia, but distorted
feedback results in distorted motor performance and
information-seeking compensatory behavior, as observed in
this case. With globus pallidus internal segment deep brain
stimulation, the postural background of hand writing
improved, but the learned left compensatory grip did not
change. International Journal of Rehabilitation Research
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History
This is a case study of a full-term patient who was born
after an uncomplicated pregnancy and delivery.
Developmental milestones during preschool years were
normally achieved. He learned to write with the right
hand. At 8 years of age, in the absence of clear pre-
cipitants, he gradually developed difficulty in writing that
manifested in increased tone of the right shoulder girdle.
Therefore, he decided to change his writing habits and
continued with the left hand to be able to write in the
speed of his peers. Unfortunately, nobody realized at that
time that it was the first symptom of his disease. At
12 years of age, one morning, he was suddenly not able to
take any step forward, only sideward and backward steps,
although he was able to run forward. Then, he gradually
developed postural abnormalities of the trunk and right
foot inversion. His gait worsened through the following
years with bilateral foot inversion, external rotation of the
hip, strong posterior pelvic tilt, and postural tremor. He
was not able to walk without hand support, got tired
easily, and was unable to walk long distance. During his
BA studies, he had severe struggles to keep upright
posture in sitting. He was using his extremities to support
his trunk and head against twisting into flexion, lateral
flexion to the left, and rotation to right. This twisted
posture severely deteriorated his writing skills and
interfered with the proximal stability requirements for
handwriting.
At the age of 20 years, he underwent a globus pallidus
internal segment deep brain stimulation (DBS) surgery.
The stimulation-induced regularization of neuronal pat-
terns prevents transmission of pathologic bursting and
oscillatory activity within the network, resulting in
improved processing of sensorimotor information and
reduction of disease symptoms (Miocinovic et al., 2013).
The timeline summarizes the process of the general-
ization of the signs, the diagnostic issues, and the changes
in the motor learning conditions with time (Fig. 1).
The ethiology of this condition is still unknown; the
genetic testing is in process to identify the exact cause.
Functional characteristics
The Functional Independence Measure scale displayed
functional independency both before and after the sur-
gery. The main problem of the patient was the lack of the
ability to walk long distance, and at participation level, he
was not able to use the public transport system, was
dependent on another person who could transport him by
a car. With the help of his own coping strategies, the
patient was able to participate in a normal full-time BA
program at the university. The results of the RAND
36-Item Health Survey 1.0 quality of life questionnaire
(SF-36) described better his disability level and showed
considerable improvements after surgery in each of the
eight domains as seen in Fig. 2.
According to the results of the Fahn–Marsden rating
scale (Table 1), the dystonia had changed considerably
with the DBS surgery.
In this case report, the focus was put on a functional gain:
the change in the quality of handwriting and its relevance
to motor learning, as one of the important questions in
contemporary neurorehabilitation. In his case, the
reduction of disease symptoms induced by DBS meant a
close to normal postural control and proximal stability in
sitting during handwriting after surgery. The video
records of his handwriting function provided valuable
insight into the nature of this complex skill and displayed
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Fig. 1
Timeline of the development of symptoms and signs, establishing the diagnosis, ordering interventions, and the changes in motor learning conditions.
GPi DBS, globus pallidus internal segment deep brain stimulation.
Fig. 2
The results of the RAND 36-Item Health Survey 1.0 before the surgery and half a year after the surgery.
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the quality changes of the function induced by the
neurostimulation.
Writing with the right hand, which was learned before
the onset of the disease, recovered fully after fine-tuning
the device. Interestingly, we observed that the postural
background also improved in case of writing with the left
hand, but not the distorted grip, as the distal component
of this function did not change at all (Fig. 3).
Motor learning characteristics during untreated dystonia
Motor learning was possible during dystonia, but it was
distorted owing to changed sensorimotor feedback and
the restrictions resulting from the inappropriate postural
control. The patient developed a grip through which he
could get stronger proprioceptive and somatosensory
salient information to organize the writing, together with
less selective movement requirement (less precise finger
usage pattern during writing as seen in the left hand,
which means simplifying the movement). This com-
pensatory grip was developed and fixed during the
untreated basal ganglia dysfunction period through a
distorted somatosensory feedback owing to dystonia.
The writing skills and the abstracts (motor engrams
and rules) underlying writing were acquired before the
onset of the disease. During dystonia, this knowledge of
Table 1 The scores of the Fahn–Marsden rating scale before the
surgery and half a year after the globus pallidus internal segment
deep brain stimulation surgery
Provoking factor Severity factor Product
Regions Before After Before After Weight Before After
Eyes 0 0 0 0 0.5 0 0
Mouth 0 0 0 0 0.5 0 0
Speech
and
swallow
0 1 0 1 1 0 1
Neck 4 1 4 1 0.5 8 0.5
Arm (R) 2 0 3 0 1 6 0
Arm (L) 1 0 1 0 1 1 0
Trunk 3 0 3 0 1 9 0
Leg (R) 3 1 3 2 1 9 2
Leg (L) 3 1 3 1 1 9 2
Sum – – – – – 42 5.5
Fig. 3
Postural characteristics of writing skills: before (a, b) and after (c, d) globus pallidus internal segment deep brain stimulation (DBS) surgery. The writing
with the right hand was learned before the onset of the disease, whereas writing with the left hand was learned during the unrecognized and untreated
dystonia period. Although writing with the right hand recovered fully after DBS, the distal component of the left hand writing has not changed.
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handwriting sequences was transferred and adopted to the
performance with the left hand. As collaterals from the
pallidofugal and nigrofugal projections are also directed in
a topographically specific manner to the intralaminar nuclei
of the thalamus, that is, the center median–parafascicular
complex, the center median–parafascicular complex–striatal
system is seen as providing sensory and salience information
to the basal ganglia, which may assist in procedural and
reinforcement learning and action selection (Wichmann
andDeLong, 2016). It might be supposed that the increased
distal tone in the hand and fingers, as concerns the left
hand during writing, was part of a compensation pattern:
to enhance the somatosensory feedback information (espe-
cially that of the end range joint mechanoceptors) necessary
for writing skill acquisition, when operating with a pen.
Similar to this, the increased inversion of both feet might
be owing to the same information- and stability-seeking
compensatory behavior during gait as part of reweighing
sensory information.
The function(s) of the pedunculopontine nucleus are
poorly understood, although portions of the (primate) ped-
unculopontine nucleus are implicated in the control of gait
and balance because of overlap with the physiologically
identified mesencephalic locomotor region and possibly in
other motor functions (Wichmann and DeLong, 2016). As
one of the basal ganglia targets, its function in postural tone
setting improved after globus pallidus internal segment
DBS in this case. The automatic components of the trunk
control recovered almost fully by neurostimulation during
writing with both hands and during gait. To change the
writing pattern with the left hand has no functional gain, as
right hand writing has recovered, but other learned distal
compensatory behavioral patterns such as increased inver-
sion of the foot should be unlearned and overwritten with a
more normal movement pattern during rehabilitation of this
patient.
Acknowledgements
Conflicts of interest
There are no conflicts of interest.
References
Miocinovic S, Somayajula S, Chitnis S, Vitek JL (2013). History, applications, and
mechanisms of deep brain stimulation. JAMA Neurol 70:163–171.
Wichmann T, DeLong MR (2016). Deep brain stimulation for movement disorders
of basal ganglia origin: restoring function or functionality? Neurotherapeutics
13:264–283.
Motor learning in dystonia Nagy 283
Copyright r 2018 Wolters Kluwer Health, Inc. All rights reserved.
